Background: Detection of small proportion of serious bacterial infections (SBI) with
Introduction
Fever is one of the most common causes for admittance of children to the emergency department. Most children suffering from fever have simple self-limiting viral infections, however a small proportion will develop serious bacterial infections that are potentially life-threating. The low prevalence of serious illness and frequent presence of pediatric patients in emergency department at the early stage of the illness, when severity of disease is still not apparent, pose for early and accurate diagnosis of serious infections a challenge [1] [2] [3] [4] . To support the decision making in febrile children, a lot of clinical and laboratory prediction models have been investigated, but the interpretation and application process of these models in clinical practice is still complex [2] [3] [4] [5] [6] .
Nowadays, modern automated haematology analysers are available that can measure additional infection parameters such as immature granulocytes (IG) that may be used as markers of serious bacterial infections [7, 8] . However, despite availability of IG measurement, it has not yet been incorporated in the routine diagnostic tool for patients with infection. New generation analysers can now provide automated, very precisely enumerated actual IG count and percentage in peripheral blood samples [8] [9] [10] . Several recent studies have investigated the role of IG percentage measurement as a potential marker to predict severity of an infection [11] [12] [13] [14] . However, these studies were mainly focused on critically ill adult patients at intensive care units. Only one study investigated IG in a common outpatient clinical setting covering all age groups including pediatric, obstetrics and geriatric population [15] . Moreover, the performance of IG measurement compared with conventional infection markers such as white blood cell count (WBC), absolute neutrophil count (ANC) and C-reactive protein (CRP) remains unclear [9, 12, 13].
Thus, the aim of this study was to evaluate whether the measurement of IG percentage is a useful predictive marker of SBI compared with conventional infection markers such as WBC, CRP and ANC in pediatric patients.
Materials and methods

Study population
The population of this retrospective study consisted of patients admitted due to infection to the emergency and observational department of the Children's clinical University hospital in Riga, Latvia during January 2014 and December 2015. The University hospital is the only tertiary level children hospital in the country with around 64 000 pediatric emergency department visits annually.
The inclusion criteria for the study were suspected diagnosis of any type of infection and age between 1 month and 18 years. Exclusion criteria were antibacterial therapy within the last 48 hours, vaccination within 5 days before the start of illness, any immunodeficiency disease, malignancies, congenital metabolic defects and other diseases that may alter the levels of inflammatory markers.
A total of 258 patients fulfilled the entry criteria and were selected for data analysis. Patients were classified into two groups: (i) infected patients without suspicion of serious infection (n=75) and (ii) patients with suspicion of SBI (n=183).
Clinical protocol and definitions
Infection severity was defined at the emergency department. Within two till five days two experienced clinicians revised whether infection severity was evaluated correctly at the initial moment of diagnosis to ensure correct classification of the study participants. SBI at emergency department and during the later revision of clinicians was defined based on available clinical, imaging, and later also on microbiological data as having either bacteraemia, pneumonia, meningitis, osteomyelitis, intraabdominal infection, complicated urinary tract infection, skin/soft tissue infection, culture positivity of usually sterile body fluid or diagnosis by radiology (pneumonia, osteomyelitis, intra-abdominal infection) [16] . The group of infected patients with fever but without any suspicion of SBI included in most cases children with upper and lower respiratory tract infections of viral origin and patients with acute gastroenteritis mainly of rotavirus, norovirus or adenovirus.
Data collection and laboratory assays
The study parameters were collected during the first routine blood analysis sampling at the emergency department of patients with suspicion of infection. 
Ethical considerations
This study used secondary, re-identified data and has been approved by the Medical Ethics committee of the Riga Stradins university. All patients included in the study received the standard care according to the hospital guidelines.
Statistical analyses
The data were analysed using IBM SPSS version 22.0. Differences in continuous variables between groups were compared using the Mann-Whitney or independent samples t-test according to type of variable distribution. Correlation analysis was performed using the Spearmen rank, respectively Pearson (normally distributed variables) coefficient. Performance of the selected variables was assessed using receiver-operating characteristic (ROC) curves, sensitivity, and specificity, negative and positive predictive values. The Youden's index was used to determine the best cut-off values for the different indicators to maximize both, sensitivity and specificity (maximum+=sensitivity + specificity -1). The 95% confidence interval and p value were reported for the area under the curve (AUC) for the best cut-off levels. Furthermore, Cohen's d value was used to calculate effect size. A two-tailed pvalue less than 0.05 was considered as statistically significant for all tests.
Results
The baseline characteristics of the study population are presented in Table 1 . The mean age of infected patients without serious bacterial infection was 60.3 months, and 76.6 months for the SBI patients, respectively. The prevalence of being male was 42% in patients with and 48% without SBI. The majority of cases with SBI were due to intra-abdominal infections, nephritis or lower respiratory tract Table 2 shows the sensitivity, specificity and predictive values for different markers of serious bacterial infections in the study population. The sensitivity for the best cut-off level for IG percentage (66%) was lower compared to CRP, ANC or WBC. However, in regard specificity and positive predictive value IG percentage performed better than ANC or WBC. CRP, when using an optimal cut-off level of 56.5 showed the best diagnostic test performance. We combine variables and evaluate their additive values. The sensitivity of WBC to detected SBI improved from 74% to 85% when IG percentage was added to the prediction models and to 92% (95% CI 88-96%) when CRP and WBC were measured. Finally, when CRP, WBC and IG percentage were combined, the sensitivity to predict SBI increased to 93% (95% CI 88-96%) and the specificity to 86% (95% CI 77-93%). 20-3.38) ).
Discussion
Our study found that IG percentage is a useful marker to predict the severity of infection and it adds information to the conventional infection markers WBC, ANC and CRP for early identification of pediatric patients with SBI. Specifically, when IG percentage was used together with CRP and WBC nine out of 10 children with SBI were correctly identified.
The prevalence of SBI in the children population is still high and the fast identification of patients with potentially serious and life threating conditions is important in the clinical setting. Elevated count of IG in the peripheral blood indicates increased bone marrow activity as the response to bacterial infection [17] . Adult patients with clinically apparent bacterial infection showed significantly higher numbers of myeloid progenitor cells compared with healthy controls [17] . Considering that CRP usually starts to increase after 24 hours of infection start, measuring WBC and IG percentage may help to identify children with SBI at an very early stage helping clinical decision makers to start treatment accordingly.
In our study the best sensitivity and specificity was obtained using a threshold of 0.45 for IG percentage in children. Previous research have revealed optimal cut-off levels for IG percentage varying between 0.4-0.5 with sensitivities varying between 58-96% and specificity ranging from 76-80% [9, 10, 12, 15]. Thus, which cut-off level to be used within that particular range may depend on the local circumstances. Absolute neutrophil count; 6 White blood cell count; 
